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Biodiversity
o 5 million – 30 million species
o1.75 million formally described
o global extinction rate is 100 times greater
than the baseline extinction rate
o threat of local extinction
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Biodiversity
o 5 million – 30 million species
o1.75 million formally described
o global extinction rate is 100 times greater
than the baseline extinction rate
o threat of local extinction
Are there ecological implications for the loss of biodiversity?
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Consequences of Diversity
Are there ecological implications for the loss of biodiversity?
Community Properties
Arthropod abundance
Arthropod richness
Below-ground communities
Ecosystem Processes
Primary productivity
Nutrient cycling
© Tilman
Genetic Diversity Species Diversity
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Consequences of Diversity
Species Diversity or Genetic Diversity
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Consequences of Diversity
Mechanisms
Additive 
Non-Additive
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Consequences of Diversity
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Questions
In nature, it is likely that species diversity and genetic diversity interactively influence 
community properties and ecosystem processes.
1) What is the relative strength of species diversity and genetic diversity for 
mediating biomass production and structuring the arthropod community?
2) Do species diversity and genetic diversity interactively structure communities and 
mediate processes?  
Simultaneously manipulating species diversity and genetic diversity within a 
dominant species in a common garden environment.
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Predictions
Diversity
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Species 
Genotypes
Species diversity has a larger effect than genetic diversity
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Predictions
There is a positive interaction between species diversity and genetic 
diversity
Species Diversity
R
es
p
o
n
se
High 
Genetic 
Diversity
Low Genetic 
Diversity
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Study System
o Dominant species:  
Ammophila breviligulata
oExperimentally tractable
oCritically endangered
Great Lakes Sand Dunes
Ammophila breviligulata
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Experimental Design
3 monocultures for each 
population and species
PlusN
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Responses
Responses
oAbove-ground biomass
o Arthropod community 
Mechanism
o Performed Monte Carlo 
simulations using monoculture 
values to determine additivity
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Above-Ground Biomass
surveyed for three years non-destructively using allometric equations
no treatment x time effects, so the following results are based on average biomass
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Above-Ground Biomass
GD: F1,51 = 2.04, P = 0.1589
SD: F1,51 = 3.98, P = 0.0514
no effect of species diversity or genetic diversity
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Above-Ground Biomass
increased with species diversity only at the highest level of genetic diversity.
GD x SD: F1,51 = 4.43, P = 0.0403
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Above-Ground Biomass
Additive or non-additive effects?
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Above-Ground Biomass
pattern was driven by additive effects of diversity.
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Above-Ground Biomass
pattern was driven by additive effects of diversity.
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Arthropods
using pitfall traps, surveyed monthly during the growing season for two years
The following are preliminary results for May and June 2010.
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Arthropods
abundance increased with genetic diversity but no significant effect of species diversity
GD: F1,51 = 10.56, P = 0.0021
SD: F1, 51 = 0.75,  P = 0.3916
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Arthropods
Strong decrease in abundance with species diversity at the highest level of genetic diversity
GD x SD: F1, 51 = 4.20, P = 0.0455
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significant non-additive effects at high levels of genetic diversity
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Arthropods
genetic diversity influences arthropod community composition
NMS
ANOSIM
GD:  P = 0.032, 3D Stress = 0.14
SD :  P = 0.832
GD x SD:  P = 0.067
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Arthropods
diversity did not influence richness, but evenness decreased with genetic diversity
GD:  F1,59 = 6.75, P = 0.0118
Genetic Diversity
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Arthropods
GD:  F1,59 = 6.75, P = 0.0118
Mite: F1,59 = 8.44, P = 0.0052
Midge: F1,59 = 9.61, P = 0.0030
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diversity did not influence richness, but evenness decreased with genetic diversity
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Summary
1) What is the relative strength of species diversity and genetic diversity for 
mediating biomass production and structuring the arthropod community?
Biomass Production:  Individually, neither mediate biomass production
Arthropods:  Genetic diversity influences abundance, composition, and evenness
Prediction
Genetic diversity more 
important for structuring 
arthropod communities
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Summary
2)   Do species diversity and genetic diversity interactively structure communities and 
mediate processes?  
Biomass Production:  Biomass increases with species diversity at the highest level 
of genetic diversity, driven by additive effects
Arthropods:  Genetic diversity and species diversity interactively influence 
abundance, driven by non-additive effects
Prediction
Significant genetic diversity by 
species diversity interactions –
but different patterns
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
24
2.
1 
: P
os
te
d 
11
 N
ov
 2
01
0
Thanks!
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Arthropods
122 morphospecies and 6,923 individuals
Acari
13% Arachnida
9%
Collembola
1%Hymenoptera
28%
Hemiptera
5%
Coleoptera 
13%
Lepidoptera
1%
Diptera
30%
Orthoptera
0%
Percentage Total Abundance
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Genetic Analysis
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But, there is phenotypic variation among populations!
also variation in height and estimated biomass
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Genetic Analysis
• Unique genotypes identified intersequence simple repeat markers (ISSRs)
NNNNNNNCACACACACACACANNNNNNNTGTGTGTGTGTGTGNNNNNNN
NNNNNNNGTGTGTGTGTGTGTNNNNNNNACACACACACACACNNNNNNN
(CA)XN
(CA)XN
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Genetic Analysis
14 populations X 5 individuals/population X 3 primers
(Fant et al. 2008, Rodriguez-Echeverria et al. 2008)
• Populations contained > 1 genotype
• Low sample numbers hinder accurate estimates of similarity
• Follow-up by increasing the number of individuals screened per                                                                
population
Preliminary Results
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“Other” Species
Grasses: prairie sandreed, little bluestem, Canada wildrye, June grass
Forbs: milkweed
Woody: bear berry, willow, sand cherry, grape
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Future Directions
Microbial Community Structure
Use T-RFLP to characterize the 
fungal and bacterial community
Microbial Function
Enzyme activity assays – enzymes important 
for C, N, P
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